Abstract A hydraulic jump is characterized by strong energy dissipation and mixing, large-scale turbulence, air entrainment, waves, and spray. Despite recent pertinent studies, the interaction between air bubbles diffusion and momentum transfer is not completely understood. The objective of this paper is to present experimental results from new measurements performed in a rectangular horizontal flume with partially developed inflow conditions. The vertical distributions of the void fraction and the air bubbles count rate were recorded for inflow Froude number Fr 1 in the range from 5.2 to 14.3. Rapid detrainment process was observed near the jump toe, whereas the structure of the air diffusion layer was clearly observed over longer distances. These new data were compared with previous data generally collected at lower Froude numbers. The comparison demonstrated that, at a fixed distance from the jump toe, the maximum void fraction C max increases with the increasing Fr 1 . The vertical locations of the maximum void fraction and bubble count rate were consistent with previous studies. Finally, an empirical correlation between the upper boundary of the air diffusion layer and the distance from the impingement point was derived.
Foreword
In open channel flows, the hydraulic jump is a sudden transition from a high-velocity, supercritical flow into a slow-moving, subcritical flow. It is characterized by a sharp rise of the free-surface elevation associated with strong energy dissipation, large-scale turbulence, air entrainment, and spray. Although the hydraulics of hydraulic jump has been experimentally investigated for more than two centuries, air-water investigations started since only about 40 years. Note that in Table 1 , W is the channel width, d 1 is the inflow depth, V 1 is the inflow velocity, whereas PD and FD mean partially developed and fully developed inflow conditions, respectively. Despite these studies, the air bubble diffusion process in the hydraulic jump is not completely understood and the available data are mostly limited to inflow Froude number Fr 1 less than 8. Data for higher Froude numbers are scarce.
In this paper, new experimental results of air bubble entrainment in the developing region of a hydraulic jump flows with partially developed inflow conditions are presented (Table 1 ). The new data were collected for high Froude numbers, in the range of 5.2 ≤ Fr 1 ≤ 14.3. It is purpose of this paper to assess the effects of the inflow Froude number Fr 1 on the air-water flow properties to compare these with existing data and to investigate the specificities of air-water flow properties at very large Froude numbers.
Experimental setup. Channel and instrumentation
The new experiments were performed at the University of Queensland in a horizontal channel, 3.2 m long and 0.25 m wide (Fig. 1) . Both bottom and sidewalls were made of 3.2-m long glass panels. This channel was previously used by Chanson [4] and was fed by a constant head tank. The flow rate in the flume was measured with a 90 • V-notch weir which was calibrated on-site with a volume-per-time technique. The percentage of error was expected to be less than 2%. The water depths were measured using railmounted pointer gauges with an accuracy of 0.2 mm. Table 1 lists the experimental flow conditions.
The air-water flow properties were measured with a single-tip conductivity probe (needle probe design). The probe consisted of a sharpened rod (platinum wire Ø = 0.35 mm) which was insulated except for its tip and set into a metal supporting tube. It was excited by an electronic system designed with a response time less than 10 µs and calibrated with a square wave generator. The probe vertical position was controlled
